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Eq.1 Producing Polystyrene from styrene monomer
In plastics processing industries, it is a common practice to reuse the unused waste plastics which is called, nothing but, material recycling. Likewise, in thermal recycling process, the waste plastics are burnt to get the thermal energy though this is a technique that mandates high amount of calorie incinerator (Miskolczia 2004) . Further, during burning process, harmful gases such as dioxin and hydrogen chloride are produced. According to the literature (Sara Fatima 2014), chemical recycling is nothing but converting the waste polystyrene into hydrocarbons or styrene. Using this process, one can obtain highly selective styrene monomer at low temperatures itself. In the catalytic degradation of polystyrene, the modified iron-based catalysts are deployed due to which the carbanion makes the styrene to be highly selective during the catalytic degradation of the polystyrene. When the reaction temperature increases in the presence of iron-based catalysts, the oil and styrene are yielded in a high amount. 194 kJ/mol is the activation energy (Ea) obtained. However, when the catalysts such as (Fe-K/Al2O3) (Dimitris at al 2012) are present, this activation energy is reduced to138 kJ/mol considerably. In the recent days, there is a new efficient technique found to recycle the polystyrene. This technique aims at converting the polymer waste into functional polymer under a new application and added value. It is a known fact that when the polystyrene is allowed to sulfonate, then one can obtain various products such as polyelectrolyte and cationic exchanger resin. So, according to the study (Satoa and Matsuib 2003) , the novel process is developed on the basis of waste polystyrene sulfonation in order to produce a novel functional polymer which is highly valuable than the material or hydrocarbons. Work was done on three types of polystyrene, which are as follows: the first type is on-spec product, where On-spec Polystyrene, it is the on-specifications product, which is produced from the Egyptian Styrene and Polystyrene Company, where it is physical and chemical properties like vicat softening temperature, color and water content complied with the consumers and International and National Market demands. The second type of product is off-spec product with offspec polystyrene which is manufactured when the process parameters are not in equilibrium. This may result in the modified physical process and in turn the production of off-specifications or low grade polystyrene. This low-grade polystyrene is less priced than the first type i.e., on-spec product. Waste polystyrene is the third type which is collected when the plastic cups and forks are crushed. The process used is a heterogeneous sulfonation with varied concentrations of sulfuric acid. Due to this reason alone, the current study is primarily aimed at obtaining a polymeric exchanger from common packaging polystyrene. The polystyrene sulfonation technique is performed just to keep it on the surface and the core material without any modifications. Cation exchange resins are predominantly used in controlling the water hardness (Woo et al 2000) . During the process, the water is passed through the resin which is generally sulfonated polystyrene beads. The resin beads are found to be attached with hard minerals at the time when the sodium on resin beads is released in water parallel. The current research article discusses about the recycling techniques of polystyrene such as on-spec, off-spec and waste polystyrene into a cation exchange resin followed by the study of the usage of softening of hard water. The samples were further recorded for percentage removal capacity of Calcium and Magnesium (Chan 2003) .
EXPERIMENTAL SECTION

Materials and Equipment used
On spec, off-spec polystyrene and waste polystyrene The three samples had subjected to crushing, grinding and screening till having an average Particle Size is 0.237 mm.
Sulfuric Acid
Polystyrene samples are sulfonated with dense sulfuric acid , varied concentrations from sulfuric acid had been used, where work was done on 80-85-90-92 and 95 % sulfuric acid and the percentage removal capacity of Ca and Mg ions for each sample were determined.
Fourier Transformer Infra-red Device (FTIR Device)
The infrared absorption can be exhibited by a molecule only if its electric dipole moment gets changed at the time of vibration. For infrared spectroscopy, this is the selection rule. There are no infinitely narrow infrared absorptions, though there are a number of factors that leads to its broadening. The broadening of the bands happen even during the collisions between molecules. The limited lifetime of the states which are involved in the transition acts as the secondary source of line broadening. In terms of quantum mechanics, in case if the Schrodinger equation is solved for a system that changes from time to time, the system's energy states do not possess exactly defined energies which results in lifetime broadening. There exists a relationship between the excited state's lifetime and the bandwidth of the absorption band which is associated with the transition to the excited state. This is a result of Heisenberg Uncertainty principle (Peter et al 2008) .
DR-3900
DR-3900 Bench-top Spectrophotometer this is a modern device to measure Ca and Mg ions concentrations, which is designed by Hach Company. This device guides step-by-step through the testing procedure like a GPS to obtain accurate results. Figure.2 shows DR-3900. This device model number is LPV440.99.00012 and it was manufactured by U.S. Environment Protection Agency (1983) and Hach Company (2012).
Figure.2 DR-3900 Hard Water Preparation and Softening
In one litre of distilled water, 150 milligrams of magnesium or calcium salt is dissolved and hard water was prepared. In order to evaluate the capability of the resin on softening this hard water, One gram of prepared resin is kept under 50 ml of the solution prepared and it is allowed to agitate for two hours at room temperature(British Columbia of Canada 2007).
Experimental work procedures Sulfonation of Polystyrene
Polystyrene (On-Spec Product, off spec Waste Polystyrene) were Crushed, Grinded and Screened till obtaining particles with the size of 0.237 mm. Then 5 g of dry material and 100 ml of dense sulfuric acid, 95% .The amount of dry material to sulfuric acid were varied later on to study its effect on the removal capacity of Ca and Mg ions) and introduced to a flask and were left to react under agitation while time and temperature are varied. The sulfonation reaction for polystyrene is illustrated below in equation No.2. Sciences, 12(7): 126-138. + H2SO4 Eq.2 sulfonation reaction of polystyrene After the completion of the reaction period, the slurry was filtered using a funnel and washed with distilled water (250 ml). After completing the sixth wash, a portion of the filtrate was checked using pH paper in order to make sure the residual sulfuric acid was removed from the resin. This was then followed by the drying up of sulfonated resin at 40ºC for 30 min (Cotruvo and Bartram 2003) . Neutralization The resin to be converted to Na+ form forms the objective of the neutralization process. In this process, the polymer is saturated using Na+ ions by stirring the polymer for two hours at 500 ml 1M NaCl solution. The ion exchange capacity (with unit of mmol/g of dry polymer) of sulfonated polystyrene was measured by calculating the H+ concentration which was exchanged with Na+ when the acid-form of sulfonated polystyrene was equilibrated with Nacl solution (Cotruvo and Bartram 2003) . 
Determination of ion exchange capacity
The ion exchange capacity (with unit of mmol/g of dry polymer) of sulfonated polystyrene was determined using Benchtop Spectrophotometer DR-3900. Calcium and magnesium concentrations are determined. The Test runs were made for three samples, on-spec product off-spec product and Waste from The Egyptian Market. The effect of changing process parameters on the removal capacity of Ca ions and Mg ions were investigated.
FTIR analysis
The characterization of FTIR technique for polystyrene and Polystyrene Sulfonated sample are shown below. Figure. 5 FTIR for Sulfonated Polystyrene Sample After revising simplified calibration chart of molecular variations, it was found that Successes of reaction, where sulfonic acid group -SO3 attached to the structure of the molecule at wave length 1019 cm -1 (Mochamad et al 2013) .
RESULTS AND DISCUSSION
Effect of Varying Time of Reaction
As the time of reaction increases, the capacity of removal of calcium ions and magnesium ions increases; it was found that the best conditions are when time of reaction is 120 min, where by increasing the time of reaction, reactants push to the right and the product yield increases (Liu et al 2013). As per found in Figure 7 , that the capacity of calcium removal in mmol /g for the three aforementioned samples become very close to each other's while time of reaction not exceeds 60 minutes, after that a big peak in Ca removal value for all samples after exceeding reaction time 90 minutes, this is currently applicable with work done by BekriAbbes in this domain (Huang and Wu 2014) .
The maximum percentage removal capacity for Ca ions for On-spec sample, Off-spec sample and waste sample respectively are 51, 49 & 47 %.These values are close to the exchange capacity of membranes, slightly higher than natural inorganic exchangers such as steatite clays and low er than the commercial organic exchange resin (James 2014) . One of the studies (Farmanbordar et al 2016) shows the maximum removal efficiency of Ca+ and Mg+ ions occurred at 50 and 95% at optimized conditions with the reaction time of 15min and the pH range was noted as 11. Similarly, one of the earlier studies (Pujiastuti et al 2016) shows that the effect of reaction time on the percentage of removal rate of Mg+ ion shows at 20 min with the pH range was above 9 and the removal capacity was observed at 97%. This suggests that Mg2+ is formed homogeneously under certain conditions and that nucleation is rapid. Sometimes the reaction time reached 30 mins. For example, the article specified the removal of Ca+ ions takes 30 min from wastewater. In line with this, there are several studies (Ashley et al 2009 , Kurosaki 2003 and Jenkins 1998 in past mentioned the varying reaction since our study finding noticed that best conditions are when time of reaction is 120 min. The reaction of exchange is as follows in Eq.3 2ResNa + CaCl2 → 2ResCa + 2NaCl figure 8 , that at low reaction times, the removal capacity of Mg ions for off-spec sample and waste sample is considered low, by increasing the reaction time the removal capacity of Mg ions for the three samples increase rapidly, till the three above lines become tangent to each other's at 60 minutes nearly. At 120 minutes the on-spec sample reaches it is peak for and the differences in results for three samples are considered to be low, thus we can use waste polystyrene for hardness removal. The corresponding reaction of exchange is as follows in Eq.4 2ResH + MgCl2 → 2ResMg + 2HCl The maximum percentage removal capacity for Mg ions for On-spec sample, Off-spec sample and waste sample respectively are 74, 70 & 60 %. As per the study findings (Hamidi 2013) shows that maximum removal capacity of Mg ions from industrial waste water sample is 93.74% at after 0.5 hours. This study reveals that increasing the removal of Mg ions while increasing the time, temperature and quantity. Sciences, 12(7): 126-138.
Effect of Varying Agitation Speed
As the speed of the agitator increases, the capacity of removal calcium ions and magnesium ions increases; it was found that the best conditions are when RPM is 800, that is due to the mass transfer coefficient is affected by the impact of agitation on hydrodynamic environment near the surface particle. The hydrodynamic variables are the relative velocity, which is known as slip velocity and the rate of renewal the liquid layer near the solid surface, which it was found that it increases with increasing the stirring rate (Wong et al 2003) . Contradictorily, the effect of agitation rate on metal ion uptake was carried out by varying the agitation rate from 50 to 200 rpm, and the experiment on the effect of an adsorbent dose of 20 mg/l at equilibrium pH and rpm at an adsorbent time of 20 min with a concentration of 5-30 mg/l at room temperature (Hegazi 2013) . Similarly, the study by Shekhar and Biswas (2015) showed the agitation speed on removal efficiency of lead from 100 to 350 rpm. But the highest agitation speed was noticed in our study which is evidenced in the study (Marshall et al 1999) which found that the highest removal capacity for Ca and Mg ions was at 800 rpm that is due to the mass transfer coefficient is affected by the impact of agitation on hydrodynamic environment near the surface particle. Figure 8 represent the effect of varying RPM on the maximum removal capacity for Ca ions and Mg ions for on spec samples at 0.1 mmol /g with approximately 800 RPM speed. Contrary to our finding, the maximum removal efficiency was achieved for calcium and magnesium, respectively, as 100% and 70% with contact time of 20 min. This is may be due to the fact that the hardness difference of sample (Cetin 2014 ). Figure 9 shows the effect of varying RPM on the removal capacity of Ca and Mg ions for off-spec samples, as it is shown below that the removal capacity for Ca and Mg ions increases by increasing the speed of agitator, where it was found that from 200 to 800 RPM with the different rem oval capacity at 0.08 and 0.09 mmol/g. Contratrily, varying effect was noted by the study of (Cetin, 2014) shows the reduction of thickness of magnesium ions with the help of agitator and reports that the hardness of Mg ions reduced from 134.35 to 108.35 at the speed of 78 RPM takes 60 min. While, 124.89 to 96.80 reductions was observed with the RPM of 115 takes 60 min and 124.25 to 95.00 reductions was observed with the RPM of 148. 
Effect of Varying Temperature of Reaction
The removal percent of Ca2+ and Mg+ ions for on spec samples at different temperatures was shown in Figure 11 . This shows that the effects of increase in temperature causes a rise in the energy levels of the molecules involved in the reaction, so the rate of the reaction increases, where the maximum removal capacity for Ca ions and Mg ions obtained for On-spec samples are RPM = 800, Acid Concentration = 95%, Time of Reaction = 30 minutes , Solid to Liquid ratio = 1/15). As temperature of reaction increases, the capacity of removal of calcium ions and magnesium ions increases; it was found that the best reaction temperature is 60°C while the time is 30minutes (Vempati et al 1995) . Similarly, the literature (Farmanbordar et al 2016) reported that Ca 2+ removal percent was decreased and then with further increase in temperature to 60˚C Ca 2+ removal percent had a sudden rising trend, so that at the temperature of 25˚C the Ca 2+ removal percent is higher than at 40˚C. On the other hand, it is observed that the percentage removal of Ca 2+ at 60˚C is higher than 40˚C. This is because of the exothermic nature of calcium carbonate dissolution effect (Vempati et al 1995) . As the temperature of reaction increases, the removal capacity for Ca ions increases too for the three polystyrene samples. The deviation in removal capacity for Ca ions for the three samples is considered to be not too big , thus means that the ability of using onspec polystyrene and waste polystyrene for removing Ca ions from water is successful ,since we are dealing with cheap substances comparing to on-spec polystyrene sample (Koech 2013 The maximum the removal capacity for Mg ions for Off-spec sample and waste PS are 0.1 to 0.3 mmol/g, while the maximum the removal capacity for Ca ions for 0.1 to 0.15 mmol/g respectively with the time of reaction is 30 minutes and RPM is 800 was presented in figure 13 and figure 14. Figure 14 presents the effect of varying solid to liquid ratio on removal capacity of Ca and Mg ions for on spec samples and the effect of varying solid to liquid ratio from 0.05 to 0.2 with the maximum removal capacity for Ca for on-spec samples at 0.08 mmol/g. While, the effect of varying solid to liquid ratio from 0.05 to 0.2 with the maximum removal capacity for Mg ions for on-spec samples at 0.1 mmol/g respectively. With an increase in concentration, the number of molecules with the minimum required energy will increase, and therefore the rate of the reaction will increase, thus the maximum removal capacity for Ca and Mg Ions for all samples was at solid to liquid ratio 0.2. As Solid to Liquid Ratio decreases the capacity of removal calcium ions and magnesium ions increases, it was found that the best conditions are when solid to liquid ratio (sample to sulfuric acid ratio) is 95% (Koech 2013 , Maina and Mbarawa 2011 , and Paul at al 2003 with the time of reaction is 30 minutes. In a previous work (Koech 2013) , it was revealed that the conversion of calcium ions into solution from bottom ash was favored by low pH and low solid-to-liquid ratio. The effect of solid-to-liquid ratio on the rate constant was found to be significant. This was studied by performing different experiments at 5, 7.5, 12.5, and 15 g/100 mL solid-to-liquid ratios. The rate constant increased appreciably when solid-to-liquid ratio was reduced. This is because an increase in the amount of solid per unit liquid volume decreases the dissolution rate (Paul at al 2003). 
Effect of varying solid to liquid ratio (polystyrene to sulfuric Acid) Ratio
Feasibility Study
Cost engineer must be certain to consider all possible factors when making a cost analysis. Fixed costs, direct production costs for raw materials, labor, maintenance, power, and utilities must all be included along with costs for plant and administrative overhead, distribution of the final products, and other miscellaneous items. Since polystyrene plant is already established in Alexandria have a capacity of 200,000 MTA, and as per mass balance, amount of waste polystyrene produced is 3000 MTA. Direct and indirect cost had been estimated and total typical fixed cost too, thus internal rate of return had been measured and found that Then the Rate of Return will be after Three Years.
The purpose of this part is to present economic study for constructing of polystyrene sulfonated waste unit inside the Egyptian styrene and polystyrene production company. The plant is established to produce 200 MTA PS and according to the license, the amount of polystyrene waste pounced annually not exceeds 3000 MT, which can be produced in any process upset or in case of start-up the plant. Sciences, 12(7): 126-138. 
Cost Indexes
5-15 Contingency 13
For our(continuous stirred tank reactor) CSTR, stainless steel reactor with 300 psi pressure and with a jacket with a small batch capacity, it has an exponent 0.55. Then the reactor cost t is USD 10000. As Per above Total Fixed Cost Table and Based upon the following table the unit will cost USD 28267
Internal Rate of Return -IRR:
The following is the formula for calculating NPV Where: Ct = net cash inflow during the period t Co= total initial investment costs , r=0.1. r = discount rate, and t = number of time periods Let Co = 28267 USD. Resin price / ton = $249.99 Annual Production = 500 ton Then The Rate of Return will be after Three Years.
Payback Period
Payback Period =1 + ny -n÷p Where, Ny= the number of years after the initial investment at which the last negative value of cumulative cash flow occurs. N= the value of cumulative cash flow at which the last negative value of cumulative cash flow occurs. P= the value of cash flow at which the first positive value of cumulative cash flow occurs.
By Substitution, we can recover paid money after 2.7 years
CONCLUSION
Water hardness is mainly an aesthetic concern because of the unpleasant taste and reduces the ability of soap to produce lath er. It is also because scale formations in pipes and on distribution system Due to the high levels of hardness in water, people may become unacceptable with unaccomplished taste. Therefore, the most common method to remove of hardness in household level for drinking and ground water utilization is boiling. However, there are various others methods for calcium and magnesium hardness removal such as reverse osmosis, ion exchange, and chemical treatment with lime-soda ash method. The ion exchange process is extensively used, which can be synthetic Zeolite resin, known as polystyrene resin which is most commonly used now. In this paper a technique to remove water hardness from waste water by using polystyrene was made.
Polystyrene is currently produced inside the Egyptian Styrene & Polystyrene Production Company in Alexandria -Dekhila Region. The main purpose of this study is to provide a method to remove waster hardness from the waste of polystyrene as a material recycling and to for waste management.
1. The Experimental work was done with three samples, the first one is on-spec polystyrene, which is on-spec product , the second sample is off-spec
